Abstract: New optically active aromatic poly(amide-imide)s (PAIs) were prepared from newly synthesized N,N΄-(bicyclo[2,2,2]oct-7-ene-2,3,5,6-tetracrboxylic)-bis-Lvaline diacid (4) via polycondensation with various aromatic diamines. The diacid (4) was synthesized by the condensation reaction of bicyclo[2,2,2]oct-7-ene-2,3,5,6-tetracarboxylic dianhydride (1) with L-valine (2) in acetic acid. All polymers were obtained in quantitative (high) yields with inherent viscosities of 0.24-0.36 dL/g. All of these polymers were highly organosoluble in solvents like N-methyl-2-pyrrolidone (NMP), dimethylformamide (DMF), N,N'-dimethylacetamide (DMAc) and dimethylsulfoxide (DMSO) at room temperature and were fully characterized by means of NMR spectroscopy, FTIR spectroscopy, elemental analyses, inherent viscosity, solubility test, specific rotation and thermal properties of the poly(amideimide)s were investigated using TGA/DTG.
Introduction
Poly(amide-imide)s are well known as a class of polymer with a good compromise between thermal stability and processability [1] . However, these polymers are a class of high-performance polymers which show excellent mechanical and thermal properties and are also solvent resistant [2] [3] [4] . There are numerous applications for them, which include electronic wire enamel, adhesives, injection-molding and extrusion products and membranes [5] [6] . Recently the triphenyl phosphite (TTP) and pyridine promoted polycondensation route to PAIs can offer us the option of introducing specific functionality between amide or imide groups. Several attempts have been made to modify the PAIs structure by introducing the functional groups or substations capable of reducing the chain rigidity and further increasing their tractability and applicability [7] [8] [9] [10] [11] [12] . Also presence of rigid cyclic structures in the backbone of polymer leads to PAIs with reasonable thermal stability and good mechanical properties [13] [14] [15] [16] . The synthesis and application of chiral polymers is of particular interest from the viewpoint of material science and newly considered topics. Chiral polymers have found successful uses in chromatographic separation of enantiomers, chiral liquid crystals, non-linear optical devices, optical switches and biomedical devices [17] [18] [19] [20] [21] [22] [23] [24] . A direct and effective way for synthesizing chiral polymers is to introduce chiral elements into the polymer backbone or side chains. The combination of poly(amide-imide)s with chiral elements is of synthetic interest and may also lead to chiral recognition membranes [25] [26] [27] [28] . In this article, we describe synthesis and characterization a series of new poly(amide-imide)s (6a-e) containing rigid segments bicyclo[2,2,2]oct-7-ene-2,3,5,6-tetracarboxylic diimide in the main chain from the direct polycondensation reaction of N,N'(bicyclo[2,2,2]oct-7-ene-2,3,5,6-tetracarboxylic)-bis-L-valine diacid (4) with five aromatic diamines such as 4,4′-diamino diphenyl ether (5a), 4,4′-diamino diphenyl sulfone (5b), 3,3′-diamino diphenyl sulfone (5c), 1,4-diamino benzene (5d) and 1,5-diamino naphthalene (5e) in a medium consisting of N-methyl-2-pyrrolidone, triphenyl phosphite, calcium chloride and pyridine. Results showed these novel polymers with amide-imide groups and bicyclo segment in the main chain have better solubility in organic solvents when compared to aromatic polyamides.
Results and discussion

Monomer synthesis
N,N'-(Bicyclo[2,2,2]oct-7-ene-2,3,5,6-tetracarboxylic)-bis-L-valine diacid (4) was prepared in one step as shown in Scheme 1. The asymmetric diacid (4) was synthesized by the condensation reaction of two equimolar of L-valine (2) with one equimolar of dianhydride (1) in acetic acid. Dissolving the residue in cold water gives a gummy like solid that breaks on adding concentrated HCl to give a white color solid. The chemical structure and purities of diimide-diacid (4) were also analyzed by elemental analysis, 1 H-NMR, 13 C-NMR and FTIR spectroscopy. The measured results of elemental analyses closely corresponded to the calculated ones, demonstrating that the expected compound was obtained. (4) . Peaks appearing at 2500-3400 cm -1 (acid O-H stretching), 1709-1751 cm -1 (acid C=O and symmetric imide stretching), 1390 and 700 cm -1 (imide characteristic ring vibration) confirmed the presence of imide ring and carboxylic groups in this compound.
Fig. 1. FTIR spectrum of diimide-diacid (4).
The 1H-NMR spectrum of diimide-diacid (4) is shown in Figure 2 . The protons H (a) are relevant to O-H carboxylic groups. Peak in 4.12-4.15 ppm as a doublet were assigned to the CH(b) protons, which is a chiral center, peaks between 0.66-0.94 ppm were assigned to aliphatic CH3 (c, d), peak in 2.32-2.39 ppm were assigned to H (e), peaks between at 3.24-3.42 ppm were assigned to H (f) and H (g) . Also olefin protons H (h) in the bicycle segment appeared in 5.99-6.09 ppm. C-NMR spectrum of diimide-diacid (4).
Polymer synthesis
PAIs (6a-e) were synthesized by solution polycondensation reaction of an equimolar mixture of monomer (4) with five different derivatives of aromatic diamine (5a-e), as shown in Scheme 2.
Scheme 2. Synthesis of PAIs (6a-e).
Synthesis and some physical properties of PAIs (6a-e) are summarized in Table 1 
Polymer characterization
The structures of these polymers were confirmed as PAIs by means of FTIR spectroscopy and elemental analyses. The representative FTIR spectrum of PAI (6b) is shown in Figure 4 . The polymer exhibited characteristic absorption bands at 1710-1776 cm -1 for the imide ring (asymmetric and symmetric C=O stretching vibration), 1377 cm -1 (C-N stretching vibration). The absorption bands of amide groups appeared at 3333 cm -1 (N-H stretching). FTIR characterization of all PAIs are listed in Table 2 . H-NMR spectrums of polymers (6a) and (6d) showed peaks that confirm their chemical structures (Figs. 5, 6 ). The elemental analyses of the resulting PAIs (6a-e) were in good agreement with the calculated values for the proposed structure ( Table 3 ).
The solubility of PAIs (5a-e) was investigated as 0.01 g of polymeric sample in 2 ml solvent. All of the polymers are soluble in organic solvents such as DMF, DMSO and are insoluble in solvents such as chloroform, acetone, methylene chloride, methanol, ethanol and water (Table 4) . H-NMR spectrum of PAI (6d). 
Tab. 3. Elemental analyses of PAIs (6a-e).
Thermal properties
The thermal properties of PAIs (6a-e) were investigated by TGA and DTG in a nitrogen atmosphere at a heating rate of 10 ºC/min (Fig. 7) .
All of these polymers showed similar decomposition behavior. Initial decomposition temperature, 5 and 10% weight loss temperature (T 5 , T 10 ), and char yields are summarized in Table 5 .
Tab. 5. Thermal behaviour of PAIs (6a-e). These polymers exhibited good resistance to thermal decomposition up to 290-340 ºC in nitrogen and began to decompose gradually above that temperature. The temperature of 5% weight loss for all the polymers ranged from 290 to 345 ºC and the residual weight at 600 ºC ranged from 35.93 to 52.03% in nitrogen. C-NMR spectra were recorded on a Bruker 300 MHz instrument (Germany). Fourier transform infrared (FTIR) spectra were recorded on Galaxy series FTIR 5000 spectrophotometer (England). Spectra of solid were performed by using KBr pellets. Vibration transition frequencies were reported in wave number (cm -1 ). Band intensities were assigned as weak (w), medium (m), shoulder (sh), strong (s) and broad (br). Inherent viscosities were measured by a standard procedure by using a Technico Regd Trad Merk Viscometer. Specific Rotations were measured by an AKruss polarimeter. Thermal Gravimetric Analysis (TGA) data for polymers were taken on a Mettler TA4000 System under N 2 atmosphere at rate of 10
• C/min. Elemental analyses were performed by Vario EL equipment by Arak University.
Monomer synthesis -Diimide-diacid (4) 1 g (4.03 mmol) of bicyclo[2,2,2]oct-7-ene-2,3,5,6-tetra carboxylic dianhydride (1), 0.94 g (8.06 mmol) of L-valine (2), 30 ml of acetic acid, and a stirring bar were placed into a 50 ml round-bottomed flask. The mixture was stirred at room temperature for 8 h and then refluxed for 5 h. The solvent was removed under reduced pressure, and 5 ml cold concentrated HCl was added to the residue. A white precipitate formed was washed with cold water, and dried under reduced pressure to give 1.68 g (93%) of compound (4). Mp: 318-320 ºC, 
Polymer synthesis
As a typical example, PAI (6b) was prepared as follows: into a 50 ml round-bottom flask , 0.145 g (0.326 mmol) diimide-diacid (4), 0.08 g (0.326 mmol) of 4,4 -diamino diphenyl sulfone (5b), 0.1 g of calcium chloride, 1 ml of NMP, 0.8 ml of triphenyl phophite and 0.3 ml of pyridine and a stirring bar were placed. The mixture was stirred at room temperature for 2 h and then was heated with stirring at 120-130 ºC for 8 h. At the end of the reaction, for quenching growth of polymer chain, the polymer solution was slowly trickled in to stirred methanol, giving rise to a stringy precipitate, which was washed thoroughly with hot methanol, collected by filtration and dried at 80 ºC for 12 hrs under vacuum to leave 0.21 g (97%) of solid polymer (6b).
